Abstract: Impacts of invasive alien plant species are threatening biodiversity worldwide and thus it is important to assess their effects on particular groups of organisms. However, such impacts were studied mostly in case of plant or invertebrate communities and our understanding the response of vertebrate species to plant invasions remains incomplete. To improve our knowledge in this respect, we studied bird communities in riparian vegetation along the rivers with different levels of Reynoutria spp. invasion in the Czech Republic. These findings will be interesting for basic ecology enhancing our knowledge of consequences of plant invasions, as well as for conservation practice. We surveyed understory bird species in 26 vegetation blocks along parts of three rivers running from the Beskydy Mountains in spring 2011. We used principal component analysis to assess vegetation structure of particular blocks and the first axis ordinated the blocks according to the degree of invasion by Reynoutria spp. Using generalized linear mixed-effects models we found that counts of Motacilla cinerea, Cinclus cinclus and Sylvia borin, as well as the total bird species richness, significantly decreased with increasing degree of Reynoutria spp. invasion, while Acrocephalus palustris showed the opposite pattern. These results suggest that Reynoutria spp. impacts negatively on the species strictly bond with river banks and habitats specialists, whereas habitat generalist species like Sylvia atricapilla were not affected. Preference of Acrocephalus palustris for Reynoutria spp. corroborates affinity of this species to large invasive herbs observed also in other studies. Our study showed that Reynoutria spp. invasion can reduce species richness of understory birds in riparian communities. Although the distribution of this plant species is still quite limited in central Europe, our results suggest that its more widespread occurrence could potentially threat some river bank bird species. Therefore, we urge for development of management actions that will act counter the Reynoutria spp. invasion.
Introduction
Invasive alien species are among the most serious threats for biodiversity (Butchart et al. 2010) . Outcomes of their impacts as well as the mechanisms of their influence were widely studied in case of plant communities (Mack et al. 2000; Pyšek et al. 2011) . For example, invasive alien species could increase productivity of invaded ecosystems (Vilà et al. 2011) , while sensitivity to invasion is hypothesized to decline with the richness of the native plant community (MacDougall & Turkington 2005; McDougall et al. 2005; Gimeno et al. 2006) . At the same time, the responses of vertebrate species to plant invasions remain poorly understood (Vilà et al. 2011) . Even in birds, one of the most intensively studied group of organisms in ecology, we have only fragmentary evidence about invasive alien plant impacts on their community composition and species richness (Aslan & Rejmánek 2010) .
We can hypothesize that such impacts are mostly indirect via ecosystem functioning. Invasive species supress growth of native flora and this, in turn, results in lower availability of nesting sites for birds (HollandClift et al. 2011) . A second mechanism is reduction of food supply for birds due to a negative impact of invasive plants on various invertebrate groups (Ikin et al. 2013) . Both mechanisms should result in lower abundance and species richness of birds in the invasive vegetation than in the original native vegetation. Most studies exploring relationships between plant invasions and changes in bird community composition were performed in grassland ecosystems where spread of invasive plants often occurs after land abandonment (Tryjanowski et al. 2011) . Here a spread of non-native grasses decreased abundance of bird species nesting and foraging near ground (Scheiman et al. 2003; Lloyd & Martin 2005; Flanders et al. 2006 ) with the regionally rare species being particularly vulnerable to plant invasion (Skórka et al. 2010) . Bird communities in riparian ecosystems were studied less frequently and the results are inconclusive showing both negative and no effects (Fleishman et al. 2003; Holland-Clift et al. 2011) .
In this study we focus on bird communities in riparian vegetation along the rivers with different levels of Reynoutria spp. Houtt. invasion in the Czech Republic. This species was introduced into the Czech Republic from Eastern Asia and planted in gardens since the 19 th century (Mandák et al. 2004) . It escaped into the wild and has spread along waterlines and communications (Pyšek & Prach 2003) . Reynoutria spp. is a large herb (2-4 m high) with robust stems and large leave area (Conolly 1977) creating stands of compact vegetation with a structure resembling native shrubby stands of Salix spp. L. or Sambucus nigra L. Reynoutria spp. impacts heavily on indigenous flora leaving no space for competitively inferior species (Chytrý et al. 2009; Maurel et al. 2010) . As a consequence, stands of Reynoutria spp. show lower habitat heterogeneity than the native vegetation (Brabec & Pyšek 2000) . Moreover, Reynoutria spp. stands host impoverished soil and invertebrate fauna (Dangles et al. 2002; Engler et al. 2011) . However, it remains unexplored whether or not Reynoutria spp. provides habitat for occurrence of large animal species, represented by birds in this study.
We can hypothesize that the spread of Reynoutria spp. within the native riparian vegetation can have two possible outcomes for bird species. First, birds would avoid sites with dominance of Reynoutria spp. stands because the negative impact of the invasive species on flora possibly scales up along the food chain restricting resources even for top consumers such as birds. The stands of Reynoutria spp. can provide lower food supply and/or fewer opportunities for nesting than the native vegetation. Alternatively, birds would do not avoid sites with dominance of Reynoutria spp. stands because these resemble the native shrubby stands. To test these hypotheses, we counted birds in riparian vegetation with variable proportions of Reynoutria spp. and native vegetation.
Material and methods

Data
We collected data in June 2011 in riparian vegetation along three rivers (Ostravice, Rožnovská Bečva and Morávka) located in Moravskoslezský region in the Eastern part of the Czech Republic (Fig. 1) . The focal rivers run from the Beskydy Mts into lowlands of the Odra and Morava rivers. We focused on the parts of the rivers with well-developed riparian vegetation located outside human settlements in valleys at the bottom of the mountains in 200-300 m a.s.l. We surveyed 4.5 km of the Ostravice River, 4 km of the Rožnovská Bečva River and 6.2 km the Morávka River (i.e. 14.7 km in total).
We treated continuous blocks of riparian vegetation separated by non-vegetated parts (e.g., human settlements) as sampling units. In total we had 26 vegetation blocks with an average length of 0.6 km (standard deviation = 0.4 km). Since the block width was negligible compared to the block length and always varied only slightly between 5 and 10 m, we took the block length as the only characteristic defining its size. Riparian vegetation of the blocks was composed by woody (Salix spp., Alnus spp. Mill., Populus spp. L., Sambucus nigra) and herbaceous (Urtica dioica L., Phalaris arundinacea L.) plant species with variable proportion covered by Reynoutria spp. Habitat composition of each vegetation block was described by recognizing following four habitat types: (i) stands of large herbs, (ii) scrubland, (iii) tree stands and (iv) stands of Reynoutria spp. The former three habitat types were found as the most relevant for structuring central European bird communities (Reif et al. 2008 ) and the influence of last habitat type on birds is the subject of this study. In each vegetation block we estimated proportional coverage of each habitat type using an ordinal scale: 0 -habitat is absent, 1 -habitat covers up to 30% of the area of a given block, 2 -habitat covers 30-70% of the area of a given block, 3 -habitat covers above 70% of the area of a given block, 4 -habitat covers whole area of a given block. See Table 1 for a distribution of proportional coverage of the habitat types across vegetation blocks.
We counted birds in particular vegetation blocks during two early-morning visits (5:00-9:00 a.m.) performed in mid-and late-June, respectively (specifically, on June 15-17 and June 27-29). In that time, Reynoutria spp. stands are fully developed (L. Hajzlerová & J. Reif, personal observation) and, therefore, their influence on bird communities can be studied. At the same time, birds still express strong territorial behaviour including singing activity in the Czech Republic (Kloubec & Čapek 2012) We focused only on the understory bird species and species of river banks because these can be potentially affected by Reynoutria spp. invasion. The species of tree canopy and trunks (such as woodpeckers) or species with no relationship to riparian habitats (such as aerial feeders) were not recorded.
In each visit, all birds from the focal groups (see above) occurring in riparian vegetation or on river banks were counted both visually and acoustically during slow walk along a given vegetation block. We did not record individuals flying over the block but we counted the individuals that flew and arrived into the focal block. Since the blocks were of narrow width, we did not perform distance sampling assuming that the detectability does not vary across species considerably under these sampling conditions.
All individuals were sorted into three categories of activity: singing males, individuals with breeding activity and other individuals. However, because vast majority (more than 75%) of recorded individuals were singing males, we did not make any attempt to take the different categories of activity mentioned above into account in further analysis. Instead, we took simply a maximum number of individuals recorded during one visit as a count of a given species in a given vegetation block. We preferred the maximum instead of the mean count because the former is probably closer to real abundance under the conditions of two visits being performed (Julliard et al. 2006 ).
Statistical analysis
The aim of our analysis was to find relationships between patterns of bird species occurrence and Reynoutria spp. cov- erage across blocks of riparian vegetation. This exercise cannot be done without taking the coverage of the native habitats into account. To do so, we first performed principal component (PC) analysis on correlation matrix of the four habitats we recognized within the vegetation blocks (i.e., stands of large herbs, scrubland, tree stands and stands of Reynoutria spp.) because their relative covers were strongly correlated with each other. The first PC axis expressed a gradient from Reynoutria spp. stands to the native habitats (Table 2) , so we took the scores of particular vegetation blocks along this axis as a descriptor of the degree of Reynoutria spp. dominance in the riparian vegetation (the higher the value of scores, the higher proportion of native habitats and the lower proportion of Reynoutria spp.).
In the next step, we applied generalized linear mixed effects models to find the relationships between bird occurrence and Reynoutria spp. coverage (expressed as PC scores, see above). The respective response variables were: bird species richness calculated as a total number of species recorded in a given vegetation block, total bird count calculated as a total number of bird individuals recorded in a given vegetation block, counts of individual bird species in respective vegetation blocks. The last analysis of individual bird species was performed only for eight species recorded in more than three vegetation blocks (Table 3) .
The explanatory variables taken as fixed main effects were the scores along the first PC axis and the bock length. We included the variables with random effects to account for potential non-independence of the vegetation blocks situated along the same river. The random factors were thus "vegetation block" nested within "river". Similarly to other studies analysing count data, we used the models with the Poisson error distribution and the log link function because this distribution corresponds with the pattern of bird occurrence in space and the counts are whole numbers (Quinn & Keough 2002) .
Results
In total, we counted 16 understory and river bank bird species with 198 bird individuals in 26 blocks of riparian vegetation along the focal rivers (Table 3) . The most abundant species were Sylvia atricapilla with 65 counted individuals, Motacilla cinerea with 33 individuals, Acrocephalus palustris with 24 individuals and Sylvia borin with 21 individuals. These species were also recorded in the highest number of vegetation blocks (Table 3) . After accounting for unequal size of the focal vegetation blocks, bird species richness decreased significantly with increasing proportion of Reynoutria spp. coverage (as expressed by the scores along the first PC axis, see the Materials and Methods section) (Table 4, Fig. 2 ), the same pattern showed the total bird count (Table 4) . Among eight species whose responses to Reynoutria spp. coverage were analysed separately, four showed significant relationships and one species marginally insignificant relationship (Table 4) . Specifically, the counts of Motacilla cinerea, Cinclus cinclus, Sylvia borin and marginally insignificantly also Emberiza citrinella, respectively, decreased with increasing Reynoutria spp. coverage. The only species increasing its counts in blocks with higher proportion of Reynoutria spp. coverage was Acrocephalus palustris. The commonest bird species, Sylvia atricapilla, was among those without any significant relationship to Reynoutria spp. coverage.
Discussion
Blocks of riparian vegetation with high coverage of invasive Reynoutria spp. hosted less understory and river bank bird species and, moreover, several of these species Fig. 2 . The illustration of the relationship between understory bird species richness and the degree of Reynoutria spp. dominance in riparian vegetation (expressed as the scores along the first PC axis, "PC1", with the dominance of Reynoutria spp. at the negative end of this axis and the dominance of native habitats at the positive end, see Table 2 ) along three rivers in the Czech Republic. Only raw data fitted by a linear model are depicted for better readability, see Table 4 for results of the generalized linear mixed effects modelling. occurred here in lower densities than in the blocks with high coverage of native plants. At the same time, only one species showed a preference of the vegetation blocks more heavily invaded by Reynoutria spp. Therefore, although the Reynoutria spp. stands resemble on first sight the native riparian shrubby vegetation by their height and structure, birds indeed discriminate between the indigenous and non-native habitats.
These results correspond with those studies that found significant impacts of exotic plant species on riparian bird communities. For example, Australian riparian vegetation invaded by Salix × rubens Schrank hosted lower number of bird species than the native vegetation (Holland-Clift et al. 2011) . On the other hand, the patterns revealed in our study somewhat contrast with findings of Fleishman et al. (2003) who did not observe any significant effect of invasive Tamarix ramosissima Ledeb on riparian bird diversity along rivers in deserts of Nevada. Instead, bird species richness was Table 4 . Relationships between bird species richness, total bird count and counts of the eight commonnest species, respectively, with the degree of Reynoutria spp. invasion in riparian vegetation (expressed as the scores along the first PC axis, "PC1", with the dominance of Reynoutria spp. at the negative end of this axis and the dominance of native habitats at the positive end, see Table 2 ) along three rivers in the Czech Republic as revealed by generalized linear mixed effects models controlling for the effect of the unequal size of vegetation blocks ("block length") where the birds were censused; the more positive value, the more negative impact of driven by the total vegetation volume in that study system. We suggest that the Tamarix ramosissima can be more similar to the native shrub species than Reynoutria spp. and it could result in smaller differences in resources available for birds (see Walker 2008). Moreover, the difference between our study and Fleishman et al. (2003) can be also caused by different ecological conditions in the biomes where the studies were conducted. In desert, riparian birds simply do not have any possibilities to survive outside riparian vegetation and this could push the species to occur even in non-native suboptimal habitats. In the temperate zone this is not the case. With a few exceptions (see below) most of the species occurring in riparian vegetation can move from invaded sites to more suitable habitats located elsewhere in landscape and thus leave the suboptimal sites vacant. Our results imply that the negative impact of Reynoutria spp. on flora, soil and invertebrate fauna (Dangles et al. 2002; Engler et al. 2011 ) scales up towards top consumers represented by birds. We can speculate that the Reynoutria spp. stands do not provide sufficient food resources bird species. Unfortunately, we do not have any detailed data on food availability for birds in Reynoutria spp. stands. However, several studies suggest that food limitation plays an important role in negative impacts of plant invasions on birds. A study exploring the effects of Solidago spp. L. on meadow birds in Poland where meadows invaded by Solidago spp. hosted significantly less Coleoptera individuals, an import prey of most bird species in central Europe (Skórka et al. 2010) . Similarly, insufficient food supply resulted in impoverished bird communities breeding in invasive shrubs or meadows in South Africa (Dean et al. 2002) and North America (Flanders et al. 2006; Ortega et al. 2006) . A second mechanism limiting opportunities of birds to establish territories in invasive plants is lower microhabitat heterogeneity due to supressing the native flora by invasive species. Simplified vegetation structure provides fewer opportunities for species coexistence which results in lower species richness of such habitats (Tokeshi 1999) . Evidence for limitation by suitable nesting sites in invasive plants is rather scarce but a few studies suggest that this mechanism can also work (Feare et al. 1997; Holland-Clift et al. 2011) . A more detailed future studies on food and nest site availability in Reynoutria spp. stands are needed to find which mechanism is responsible for the pattern observed in our data.
Concerning responses of individual species, the strongest negative effects of Reynoutria spp. coverage were found in Motacilla cinerea, Cinclus cinclus, Sylvia borin and Emberiza citrinella. According to a thorough assessment of the level of habitat specialization of Czech birds (Reif et al. 2010) , these species are narrow habitat specialists. In contrast, a generalist species like Sylvia atricapilla were not affected by the invasive plant. This pattern corresponds to the findings of a study from China which compared bird responses to the invasion of exotic grass Spartina alterniflora Loisel among species differing in the level of habitat specialization in Yantze River estuary (Ma et al. 2011) . Here the generalist species did not show any effect of the exotic plant invasion but the specialists were adversely affected. It can be caused either by greater flexibility in resource use of the generalist species (Gregory & Gaston 2000) , or by higher intensity of their intraspecific competition. In the latter case, competitively inferior individuals of a locally abundant generalist would be displaced to suboptimal (invaded) habitats, although these can serve as population sinks (Storch & Reif 2002) .
High sensitivity of some specialized bird species to plant invasions is potentially warning from a conservation perspective given unfavourable population status of habitat specialist birds in Europe, as well as in the Czech Republic (Le Viol et al. 2012) . Of course it is not necessary to alert that the invasion of Reynoutria spp. would threat national populations of these species, especially in the cases like S. borin and E. citrinella who breed much more frequently in forest and farmland, respectively, than in riparian vegetation (Šťastný & Hudec 2011) . However, we suggest that the riparian specialists M. cinerea and C. cinclus can be indeed limited by the invasive species in some localities. On such sites, Reynoutria spp. cover probably prevents these birds to access the river banks where they forage and rest. Fortunately, the overall prevalence of Reynoutria spp. in the Czech Republic is still relatively low, but it can spread along rivers and replace the native woody riparian vegetation after human-induced disturbance such as clear cut (Chytrý et al. 2009 ). Therefore, we suggest that the effects of invasive plants on some bird species deserve further attention.
In contrast to other species, Acrocephalus palustris was more abundant in vegetation blocks with higher coverage of Reynoutria spp. Interestingly, a similar positive response of this warbler species was observed in the case of Solidago spp. invasion on meadows in Poland (Skórka et al. 2010) . We suggest that such large non-native herbs attract A. palustris for breeding because they resemble native Urtica dioica or Epilobium angustifolium L. where it most often breeds (Šťastný & Hudec 2011) . However, it is unclear whether A. palustris really benefits from breeding in stands of the invasive species. In some cases, invasive plants exhibit some characteristics that attract birds for breeding but their other attributes cause that the breeding performance is indeed very low (Schmidt et al. 2005) . For instance, S. atricapilla bred in higher densities in Robinia pseudoacacia L. stands than in native woody vegetation but the breeding productivity showed an opposite pattern due to excessive predation pressure in Robinia pseudoacacia patches (Remeš 2003) . More studies are needed to learn whether or not this effect could take place in the case of A. palustris, too.
In conclusion, our study showed that the blocks of riparian vegetation with higher coverage of Reynoutria spp. host lower bird species richness and lower abundance of most bird species. Although this pattern corresponds with findings of other studies performed in different invasive species systems, we have still need to learn about the mechanisms of invasive plant species impacts on bird communities. Future studies show focus on more detailed examination of possible drivers such as food limitation, microhabitat heterogeneity or predation pressure, and assess under which conditions respective factors apply.
